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Abstract
We report the first measurement of the photoproduction cross section of the φ meson in its
neutral decay mode in the reaction γp→ pφ(KSKL). The experiment was performed with a tagged
photon beam of energy 1.6 ≤ Eγ ≤ 3.6 GeV incident on a liquid hydrogen target of the CLAS
spectrometer at the Thomas Jefferson National Accelerator Facility. The pφ final state is identified
via reconstruction of KS in the invariant mass of two oppositely charged pions and by requiring the
missing particle in the reaction γp → pKSX to be KL. The presented results significantly enlarge
the existing data on φ-photoproduction. These data, combined with the data from the charged
decay mode, will help to constrain different mechanisms of φ photoproduction.
PACS numbers: 12.38.Aw, 13.60.Rj, 14.20.-c, 25.20.Lj
I. INTRODUCTION
Strangeness production at low photon energy starting
from threshold is very interesting for different reasons.
On one hand it is an energy domain well above the region
controlled by low-energy theorems [1], and on the other
hand it is far below the region of perturbative QCD [2–
4]. In this energy range various baryon resonances and
coupled-channel effects may play an important role in
strangeness photoproduction [5–9]. Moreover, it is im-
portant to conduct strangeness production experiments
to establish the quantum numbers of the known states as
well as to search for so-called missing baryon resonances
[10–14].
Because the φ meson is a particle with hidden
strangeness it can be produced without an associated hy-
peron. Also, due to the suppressed strange quark content
of the nucleon, φ-meson production through disconnected
quark graphs with the OZI rule violation may be signif-
icantly enhanced by and therefore sensitive to processes
involving gluons [15]. The same argument is also valid
for φ production via decays of intermediate non-strange
baryon resonances. Besides the sensitivity to the excita-
tion of s-channel baryon resonances, φ meson production
is an excellent channel to study subprocesses underlying
the photoproduction of vector mesons in general.
The φ production mechanism depends on the four-
momentum transfer t = (Pγ − Pφ)2, where Pγ and Pφ
are the four-momenta of the incoming photon and the
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outgoing φ meson. At low t the reaction γp → φp can
be diffractive and proceed with Pomeron exchange and
suppressed pi and η exchange, while the contribution of pi
and η exchange diagrams, as well as production of the φ
via decay of excited intermediate baryon resonances, are
more relevant at higher values of t [16–19]. However, no
information on the coupling of baryon resonances to this
channel is presently available [20].
Until now the φ photoproduction cross section has only
been measured in a very limited kinematic range and
only for the charged decay mode, φ → K+K [21–28].
The SAPHIR [21] and LEPS [22] data appear to show a
peak in the cross section at about 1.8 ≤ Eγ ≤ 2.4 GeV
photon beam energy range as presented in Figure 1. In
contrast, the calculation of Titov and Lee [16] is smoothly
increasing over this range.
Recently, Ryu et al [29] argue that coupled-channel
interactions may be responsible for the observed local
enhancement of the forward cross section in a model de-
pendent way. The main reason for this is the proximity of
the energy threshold of two processes, γp→ K+Λ(1520)
and γp → φp. Therefore, the first intermediate process
may affect the observed cross section of the second one
due to the final state (or coupled-channel) interaction.
An alternative explanation of the non-monotonic en-
ergy dependence of the forward cross section is proposed
in Ref. [14], where the authors interpret the existence
of the bump in the differential cross sections at forward
angles and near the reaction threshold as being due to
an excitation of missing nucleon resonances with a non-
negligible strangeness content.
Equally interestingly, at certain energies φ produc-
tion and baryon production can also interfere. The
γp → pφ → pKK¯ reaction can interfere with the
γp → BK → pKK¯ reaction (where B is a baryon res-
onance that can decay to pK(K¯)) since both have the
same final state. For example, the final state pK−K+
can result from either φ photoproduction in the charged
decay channel or from production of a K+ and a promi-
nent Λ(1520) hyperon resonance with subsequent decay
to pK−. However, if this is the case, then the photopro-
3FIG. 1: Measured φ photoproduction cross section for
the charged kaon decay channel, (dσ/dt), extrapolated
to t = tmin, as a function of incident photon energy Eγ
[22]. The solid line shows the cross section calculated
according to the model of Titov and Lee [16].
duction cross section associated with the pKSKL final
state in the neutral decay mode φ → KSKL should dif-
fer from the charged decay mode as there is no similar
prominent meson-baryon production mechanism in this
case.
The analysis of φ photoproduction in the neutral decay
channel is therefore a powerful tool to achieve a deeper
understanding of the underlying photoproduction mech-
anisms. The high statistics CLAS data allows a measure-
ment of the photoproduction cross section of the φ meson
in this decay mode over a wide kinematic range.
II. EXPERIMENT
The present analysis is based on the g11a data set
collected in 2004 using the CLAS detector at The
Thomas Jefferson National Accelerator Facility (Jeffer-
son Lab) [30]. The experiment was performed using
a photon beam produced through bremsstrahlung from
an electron beam of energy 4.02 GeV. A scintillator ho-
doscope system combined with a dipole magnet was used
to tag the photon time and energy in the range of 0.8 to
3.8 GeV with a resolution of 0.1% of the incident elec-
tron energy [31]. The photon timing resolution was 120
ps. In this experiment the photon beam was incident
on a 40 cm long liquid hydrogen target, centered 10 cm
upstream from the center of the CLAS detector. The
integrated luminosity was approximately 80 pb−1.
A segmented scintillator detector (the Start Counter)
surrounding the target was used for timing and trigger-
ing purposes [32]. Particles from the reaction were de-
tected in the CLAS detector, consisting of six identical
sectors, equipped with time-of-flight (TOF) scintillator
counters [33], Electromagnetic Calorimeters [34], Drift
Chambers [35–38] and Cˇerenkov Counters [39], covering
nearly 4pi solid angle. The drift chambers consisted of
three regions, located at three radial locations in each
of the six sectors. The first region was placed before
the strong magnetic field region, the second region was
placed inside of a toroidal magnetic field used for mo-
mentum analysis, and the third region was placed af-
ter the magnetic field. The momentum resolution of the
CLAS detector is momentum dependent and is of the
order of ∆P/P ∼ 0.5%. Charged particle identification
is based on simultaneous measurement of their momenta
and time-of-flight. Due to various misalignments of the
photon tagging system components, the measured pho-
ton energy had some inaccuracies causing reconstructed
particle masses to deviate from their correct values. The
momenta of detected particles also had inaccuracies be-
cause of the energy loss during their flight through the
target and detectors. The discrepancies in the toroidal
magnetic field map and in drift chamber survey informa-
tion were causing some deviations in reconstructed parti-
cle momenta. To correct these inaccuracies, photon beam
energy and charged particle momentum corrections were
applied to data. The raw data used in this analysis were
processed in the same way as in Ref. [40], including cor-
rections for the energy loss of charged particles in the
target, uncertainties in the magnetic field, and misalign-
ments of the drift chambers.
III. DATA ANALYSIS
A. Reconstruction of the final state
In order to select the desired final state, we re-
quired that the events contained only three reconstructed
charged particles in the final state: a proton, pi+ and pi−.
These particles were identified by the standard CLAS
event reconstruction software. The particle identification
was based on the difference between the measured veloc-
ity βmeas of the detected particle and the expected ve-
locity βth calculated from the measured momentum and
the masses of the different particles. The particle type
was chosen based on the minimum difference between the
measured βmeas and βth velocities.
The start time of the event at the interaction vertex
4FIG. 2: (Color Online) Difference between the time of
the Start Counter hit closest to the event start time
and the time of the tagger hits. A ±2 ns cut was used
to select good photons.
was determined using the RF-signal from the accelerator
injector that defined the timing of the electron bunches
in the beam. The correct bunch containing the origi-
nal electron that produced the interacting photon was
selected by matching the timing information from the
tagger counters and the CLAS Start Counter. Figure 2
shows the distribution of the difference between the times
from the best matching Start Counter hit and the time
of all hits in the photon tagger in the event. The 2 ns
structure corresponds to the bunch spacing of the elec-
trons in the CEBAF beam that were designated for Hall
B extraction. In order to suppress the accidental coinci-
dences from the different beam bunches, we apply a cut
on the time difference |TagT ime− StartT ime| < 2 ns.
We also required that events contain only one photon
detected in the tagger within this 2 ns time interval.
The momenta for protons and pions were required to
be Ppi > 0.1 GeV and Pp > 0.35 GeV, respectively, in
order to avoid momentum values where charged track re-
construction becomes problematic. The minimum mo-
mentum cuts eliminate a very small fraction of pions
(about 0.4%) and protons (about 3%) in our selected
event sample.
KS mesons are reconstructed using the invariant mass
M(pi+pi−) of the pi+pi− system. Because the mean life-
time of the KL mesons is about 50 ns, few KL decayed
in the CLAS detector. Thus, KL particles were recon-
structed from the missing mass of the detected particles
in the γp→ ppi+pi−X reaction asM2X = (Pγ+Pt−Ppi+−
Ppi−−Pp)2, where Pi are the four momenta of the photon,
target proton, detected pi+, pi− and proton, respectively.
The missing mass of the γp → pX system was used to
select events coming from the decay of the φ meson.
To suppress the background under the φ meson, cuts
were applied to the following distributions
• Invariant mass M(pi+pi−) of the pi+pi− system
• Missing mass MX of the γp→ ppi+pi−X reaction
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FIG. 3: (Color Online) Invariant mass of the pi+pi−
system from the γp → ppi+pi− reaction: (a) with a
cut on the mass of the missing KL from the γp →
ppi+pi−X reaction |MX −MKL | < 0.1 GeV; (b) with
a cut on the mass of the missing KL from the γp →
ppi+pi−X reaction |MX −MKL | < 0.015 GeV; (c) with
the previous cut and an additional cut on the missing
mass of γp→ pX, |MX −Mφ| < 0.02 GeV.
Figure 3 shows the invariant mass of the pi+pi− system
with wide and narrow cuts on MKL and with a cut on
Mφ. M(pi
+pi−) is required to be within 2σ of the KS
mass, |M(pi+pi−)−MKS | ≤ 0.008 GeV.
Figure 4 shows the mass distribution of the missing
KL in the γp → pi+pi−pX reaction with wide (8σ) and
narrow (2σ) cuts on the KS mass and with a cut on
Mφ. To select KL a cut was applied on the missing mass
MX(γp → ppi+pi−X) to be within 2σ of the KL mass:
|MX −MKL | ≤ 0.015 GeV.
Figure 5 shows the distribution of the missing mass
of the γp → pX reaction, where φ production is vis-
ible through the prominent peak at around 1.02 GeV,
after cuts: (a) |M(pi+pi−) − MKS | < 0.035 GeV and
|MX −MKL | < 0.1 GeV in the reaction γp→ ppi+pi−X ,
(b) |M(pi+pi−) −MKS | < 0.008 GeV, (c) |M(pi+pi−) −
MKS | < 0.008 GeV and |MX −MKL | < 0.015 GeV. The
signal to background ratio improves significantly after all
three cuts are applied.
B. Background subtraction
Figure 5 shows that even after the application of the
cuts described above there is still visible background left
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FIG. 4: (Color Online) Missing mass of the γp →
ppi+pi−X reaction: (a) with a cut on the invariant
mass of the pi+pi− system in the γp→ ppi+pi− reaction
|M(pi+pi−)−MKS | < 0.035 GeV; (b) with a cut on the
invariant mass of pi+pi− |M(pi+pi−) −MKS | < 0.008
GeV; (c) with the previous cut and an additional cut
on the missing mass of γp → pX, |MX −Mφ| < 0.02
GeV.
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FIG. 5: (Color Online) The missing mass of the γp→
pX reaction: (a) with cuts on the invariant mass of
pi+pi− |M(pi+pi−) − MKS | < 0.035 GeV and on the
mass of the missing KL from the γp → ppi
+pi−X re-
action |MX −MKL | < 0.1 GeV; (b) with a cut on the
invariant mass of pi+pi− |M(pi+pi−) −MKS | < 0.008
GeV; (c) with the previous cut and an additional cut
on the mass of the missingKL from the γp→ ppi
+pi−X
reaction |MX −MKL | < 0.015 GeV.
under the φ peak. The background is asymmetric, caus-
ing simple sideband subtraction techniques to be less re-
liable for signal–background separation.
Figure 6 shows the fits of MX(γp → pX) mass distri-
butions for a given photon energy range and in different
cos θcm bins, where θcm is the polar angle of the φ me-
son in the center-of-mass system of γp→ φp. The black
points are the experimental data shown with the statis-
tical uncertainties. Voigt profile, which is a convolution
of Lorentzian and Gaussian profiles, was used for the fit
of the φ signal and to account for the broadening of the
signal width due to the detector resolution effects
S(m,Eγ , ζ) = F (Eγ , ζ)
e
−
(m−µ(Eγ,ζ))
2
2σ2(Eγ,ζ)
σ(Eγ , ζ)
× Γ
(m− µ(Eγ , ζ))2 + Γ2 (1)
where Γ is the width of the φ, µ is the mean of the φ
mass distribution and σ is the standard deviation from
the mean value for the particular Eγ and cos θcm bin,
m is the φ mass, ζ=cos θcm and F is a fit parameter.
The Gaussian part of the fit function accounts for the
detector resolution impact on the signal width, and the
Lorentzian profile describes the natural width of the φ.
The detector resolution for the mass was allowed to vary
in the fit.
The background function used for the fit is of the fol-
lowing form:
B(m,Eγ , ζ) = a(Eγ , ζ)
√
m2 − 4m2K
+b(Eγ , ζ)(m
2 − 4m2K), (2)
where a and b are obtained from the fit to the data for
each bin. Here mK = 0.497648 GeV is the mass of K
0
meson. The total statistics at very backward angles is
marginal and extraction of the signal becomes unreliable.
Therefore, these kinematic regions were disregarded.
The signal separation for the measurements is done on
an event-by-event basis using the fit parameters of the
φ mass distribution in different Eγ and cos θcm bins to
weight each event with the signal probability coefficient
defined as
W =
S(m,Eγ , ζ)
S(m,Eγ , ζ) +B(m,Eγ , ζ)
. (3)
C. Monte Carlo simulation
In order to correct the experimental data for accep-
tance and efficiency, we developed an event generator and
used it in conjunction with the simulation of the CLAS
detector response. The Monte Carlo (MC) events are
6cosq cm=-0.8 cosq cm=-0.7 cosq cm=-0.6 cosq cm=-0.5
cosq cm=-0.4 cosq cm=-0.3 cosq cm=-0.2 cosq cm=-0.1
cosq cm=0
N
cosq cm=0.1 cosq cm=0.2 cos q cm=0.3
cosq cm=0.4 cosq cm=0.5 cosq cm=0.6 cos q cm=0.7
cosq cm=0.8 cosq cm=0.9
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FIG. 6: (Color Online) Signal and background separation for 1.8 ≤ Eγ < 2.0 GeV and different cos θcm bins. The
histograms (black) are the unweighted distributions from data. The dash-dotted line (blue) shows the signal from the
fit. The dashed line (magenta) shows the background from the fit. The solid line (green) shows the overall fit of the
mass distribution.
7generated using the Titov and Lee theoretical model for
φ-photoproduction [16], which describes well the exist-
ing data for 1.6 < Eγ < 3.6 GeV and for the range of
t = (Pγ − Pφ)2 covered by this experiment. The φ then
decays as follows: φ→ KS +KL and KS → pi+pi−. The
simulated final state of ppi+pi− is then passed through
the GEANT Simulation program (GSIM) for the CLAS
detector and is processed with the GSIM Post Processing
(GPP) package, which takes into account missing detec-
tor channels and finite detector resolution. Finally, all
the simulated events are reconstructed using the CLAS
standard reconstruction code (RECSIS).
The φ decay angular dependencies are taken from the
Pomeron exchange model of Titov and Lee [16]. The t-
dependence of the φ production is parametrized by the
exponential form with I ∼ e−B(t−tmin), with a constant
slope of B = 3.4 GeV−2.
The Monte Carlo events were generated using uniform
photon energy distribution. The photon energy depen-
dence was determined by fitting the reconstructed simu-
lated events to the experimental yield.
The detector acceptance correction factor, here also
referred to as acceptance correction, is obtained for ev-
ery Eγ and cos θcm bin as the ratio of the number of
reconstructed events to the number of simulated events.
The relative uncertainty of the acceptance correction is
estimated on a bin–by–bin basis by assuming a binomial
distribution for the detection and reconstruction proba-
bility and using the following expression:
σAcc =
√
(1− R
N
)
R
N
(N − 1) , (4)
whereN is the total number of simulated events, and R is
the number of accepted events. The average uncertainties
due to the acceptance corrections are on the order of
≈ 5% and are included into the statistical uncertainty of
the measured values on a bin-by-bin basis.
D. Fiducial cuts
Both the experimental data and the detector accep-
tance were binned in two dimensions: the incident pho-
ton energy Eγ and either cos θcm or |t− tmin|. The cross
sections were averaged over the azimuthal angle. The
bin sizes of the data and acceptance look-up tables were
the same. In order to avoid the areas at the edges of
the CLAS kinematic coverage, where our detector simu-
lation did not reliably reproduce the experimental data,
we developed a cut to eliminate those data bins. First,
we found the t-bin with maximal value of acceptance for
each energy bin. Next, we eliminated all t-bins where the
acceptance value was estimated to be less than 12% from
its maximal value for the same energy bin.
For this analysis the proton, pi+ and pi− detection effi-
ciencies were obtained using two reactions: γp→ ppi+pi−
and γp → ppi+pi−pi+pi−. Events were selected based on
complete exclusivity, in case one particle was missed it
was reconstructed by missing mass. The efficiencies were
obtained as a function of the θ and φ angles, and mo-
menta of the detected particles in the laboratory frame.
We only used these efficiency values for cuts, and did not
apply them to the data since the detector inefficiencies
were already accounted for by using the GEANT-based
detector simulation and GSIM Post Processing package
(Section III C). More details about the detection effi-
ciency in this analysis can be found in [41].
The fiducial cuts were applied to eliminate regions of
the detector where the particle detection and reconstruc-
tion efficiency changed rapidly and was less than 40%.
Additionally, events with kinematics corresponding to
malfunctioning TOF scintillator paddles were excluded.
These two cuts were applied both to data and MC recon-
structed events.
E. Normalization
The differential cross sections are calculated using
dσ
dt
=
(
A
F(Eγ)ρLNA
) Y(Eγ , t− tmin)
∆(t− tmin)η(Eγ , t− tmin)
× 1
BR(φ→ KsKL). (5)
Here A, ρ and L are the atomic weight, density and the
length of the target, respectively. NA is Avogadro’s num-
ber and F(Eγ) is the total number of photons incident on
the target in that photon energy bin. ∆(t− tmin) = 0.04
GeV2 is the t − tmin bin size. BR ≈ 0.342 [20] is the
branching ratio for the decay φ→ KSKL. Y(Eγ , t−tmin)
is the number of events in the given photon energy and
t − tmin bin, that passed all cuts (see Table I) after the
background separation (see Section III B). η(Eγ , t−tmin)
is the acceptance in the (Eγ , t− tmin) bin. The cross sec-
tions dσ/d cos θcm was obtained in the same way as a
function of cos θcm using the corresponding yields and
acceptance correction factors and the cos θcm bin size of
0.1.
The photon flux for the experiment was obtained using
the CLAS gflux software package [42]. In the g11a ex-
periment a linear dependence of the normalized photon
yield on the beam current was observed. This was sug-
gested to be due to the malfunctioning of the hardware
used to estimate the Data Acquisition (DAQ) live time.
A correction factor was obtained fitting the yield depen-
dence on the beam current with a line and correcting for
the drop in the normalized yield. This factor was 1.187
at the electron beam current of 65 nA [43].
As mentioned in Section IIIA, it was required to have
only one photon present in the tagger within the ±2 ns
8TABLE I: Table of cuts applied for data selection.
Cuts Description
Momentum cuts Ppi+,pi− > 0.1 GeV, Pp > 0.35 GeV
KS selection |M(pi+pi−)− 0.49765| ≤ 0.008 GeV
KL selection |MX(ppi+pi−)− 0.49765| ≤ 0.015 GeV
Efficiency cut Ep,pi+,pi− > 40%
TOF paddles Malfunctioning TOF paddles
Fiducial cuts Sec. III D
Timing cut |TAGtime − STtime| < 2 ns
Acceptance cuts η/ηmax > 12%
time interval between the tagger and the Start Counter:
|TAGtime−STtime| < 2 ns. This cut removed some good
events from the data. This loss of events was corrected
for by normalizing the overall yield with two correction
factors: multiple hits and time window. The multiple hits
correction was found to be on the order of 18% for our
process and was obtained by comparison of the φ meson
yields with and without the requirement to have only one
good photon detected by the tagger for the event. The
6% time window correction is obtained by comparing the
yields with ∆t = 2 ns cut and with ∆t = 15 ns (no
cut) [43].
F. Systematic uncertainties
The summary of the estimated relative systematic un-
certainties of the measured cross sections is given in Ta-
ble II.
As described in Section III B, the φ meson background
was estimated from the fits of the φ mass distributions in
each photon energy and cos θcm bin. The systematic un-
certainty due to background subtraction was estimated
from the uncertainties of the fit parameters and in aver-
age was on the order of 10%.
To eliminate low efficiency regions of the detector a cut
was applied on the single-particle detection efficiencies.
This cut was applied to both the reconstructed Monte
Carlo events and the data (see Section III D). The sys-
tematic uncertainty of this cut was estimated by mea-
suring the acceptance-corrected cross sections for three
different efficiency cuts: 30%, 35% and 40%. The system-
atic uncertainty was estimated bin–by–bin as the stan-
dard deviation of the three resulting cross sections. The
average systematic uncertainty due to the efficiency cut
was about 6%.
In the previous section we described a correction factor
due to the beam current dependence of the normalized
yield for the g11a experiment. This factor was obtained
by a fit and has an uncertainty of about 3%.
The photon flux normalization uncertainty of 7.7% was
TABLE II: Summary of systematic uncertainties.
Uncertainty source Uncertainty
Background Subtraction 10%
Photon Normalization 7.7% [44]
Particle Detection Efficiency Cut 2–6%
Current–Dependent Correction 3% [45]
φ→ KLKS Branching Fraction 0.6% [20]
Photon Transmission Efficiency 0.5% [44]
Target Length 0.13%
Target Density 0.11% [45]
obtained from comparison of the cross sections for a set
of reference reactions (K+Λ, pω, pη) measured using the
current (g11a) data set and other experimental data [44,
46, 47].
The overall systematic uncertainty of the differential
cross section averaged over all bins is about 14%.
IV. EXPERIMENTAL RESULTS
The differential cross section for φmeson photoproduc-
tion was measured as a function of |t− tmin| and cos θcm
for different photon energy bins. The differential cross
section dσ/dt was also measured as a function of Eγ for
different cos θcm bins.
A. The t-dependence
The differential cross sections dσ/dt were obtained for
different four–momentum transfer t − tmin bins and for
0.1 GeV photon energy bins in the photon energy range
1.6–3.6 GeV.
Figures 7 and 8 show the |t− tmin| dependences of the
differential cross section for different photon energy bins.
The world data for the charged decay channel are also
included for comparison. The neutral decay mode data
are fitted with an exponential function (solid lines) to
obtain the differential cross section at t = tmin and the
slope of the t-dependence of φ photoproduction. These
measurements show that in addition to the fast exponen-
tial fall-off, which is characteristic of t-channel exchange,
at the higher values of the photon beam energy (about
2 GeV) the cross section distribution starts flattening
at larger values of t. This is indicative of the possible
presence of other mechanisms of φ production, such as
excitation and decay of intermediate nucleon resonances.
Figures 9–10 show the differential cross section
dσ/d cos θcm plotted as a function of cos θcm. The re-
sults are plotted for 0.1 GeV photon energy bins.
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FIG. 7: (Color Online) Differential cross section dσ/dt plotted versus |t − tmin| for different photon energy bins in the
1.6 ≤ Eγ < 2.8 GeV range. The filled downward triangles (black) are the results of the current CLAS(2013) analysis for
the neutral decay mode of the φ. The open circles (red) are the SAPHIR [21] data for the charged mode topology. The
open squares (blue) are the LEPS [22] data for the charged mode topology. The solid lines (cyan) show the fit function.
B. The Eγ-dependence
For this work, the differential cross section dσ/dt for
the process will be given as
dσ
dt
=
1
2
(
1
Eγ |−→p φ|
)
cm
(
dσ
d cos θcm
)
. (6)
Figures 11–12 show the Eγ dependence of the differ-
ential cross section dσ/dt in different cos θcm bins. First,
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FIG. 8: (Color Online) Differential cross section dσ/dt plotted versus |t − tmin| for different photon energy bins in the
2.8 ≤ Eγ ≤ 3.6 GeV range. The filled triangles (black) are the results of the current CLAS(2013) analysis for the neutral
decay mode of the φ. The open crosses (magenta) are the DARESBURY [23] data for the charged mode. The open
asterisks (red) represent the CLAS(2000) [27] results for charged decay mode of the φ meson. The solid lines (cyan)
show the fit function.
dσ/dt is measured at different photon energies Eγ (for
0.05 GeV wide bins of Eγ).
In forward angle cos θcm bins, corresponding to the
low-t region, there appears to be a local enhancement in
dσ/dt in the range of 2.0 < Eγ < 2.4 GeV and a maxi-
mum at about Eγ ≈ 2.2 GeV. In this angular region, at
higher energies (Eγ > 2.6 GeV) the cross section behav-
ior is almost constant, as expected by Pomeron exchange
mechanism dominance in φ production [16].
C. Total cross section
To determine the total cross section, an exponential
function of the form Ae−B|t−tmin| + P (3), where P (3)
is a third order polynomial function, is used to fit the
|t − tmin| dependence of the differential cross section
dσ/dt. The fit range was selected to have the χ2/ndf
value closest to 1. The extracted values of the differen-
tial cross section at t = tmin and the t slope from the
fit depend on the range of the fit and vary within 10%.
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FIG. 9: The cos θcm dependence of the φ meson differential cross section dσ/d cos θcm for different photon beam energy
bins 1.6 ≤ Eγ < 2.8 GeV. The cos θcm bin size is 0.1.
The higher t regions, where the cross section increases
and deviates from the exponential behavior, were not in-
cluded in the fit. Figures 13(a) and (b) show the total
cross section and the B slopes for the different photon
energy bins, respectively. The total cross section still has
some enhancement in the photon beam energy range of
about 1.8–2.3 GeV just as observed in the charged–mode
decay. The photon beam energy dependence of the slope
of the t distribution also has some local structure in the
photon beam energy range of 1.8–2.3 GeV.
V. CONCLUSIONS
Differential cross sections for photoproduction of the
φ meson via its neutral decay channel in the reaction
γp → pφ(KSKL) have been measured for the first time.
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FIG. 10: The cos θcm dependence of the φ meson differential cross section dσ/d cos θcm for different photon beam energy
bins 2.8 ≤ Eγ ≤ 3.6 GeV. The cos θcm bin size is 0.1.
The t-dependence of the cross section at fixed photon
energy indicates that the mechanism of φ production de-
viates from an exponential behavior at higher values of t.
Detailed model calculations will be required to estimate
the relative contribution to the φ production stemming
from Pomeron, pi and η exchanges. The presented data
will help to constrain the contribution of intermediate s-
channel nucleon resonances and final state interactions.
On the other hand, the energy dependence of the dif-
ferential cross section at the forward limit shows a similar
local maximum as was observed previously in photopro-
duction of the φmeson in the charged decay mode. There
are different explanations for this local maximum based
on either coupled-channel effects, excitation of intermedi-
ate nucleon resonances or interference with Λ(1520) pro-
duction as was proposed in Refs. [14, 17, 18, 29].
A full understanding of the mechanism of φ photopro-
duction at low energy and especially the energy depen-
dence of the forward cross sections will require systematic
comparison of theoretical model predictions with experi-
mental data. Theoretical models for this purpose should
include not only the φ photoproduction in both decay
modes, but also the photoproduction cross sections of
associated pK(K¯) system as meson-baryon final states
are significantly different in these two decay modes.
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FIG. 13: (Color Online) (a) Differential cross section dσ/dt at t = tmin and (b) φ meson photoproduction slope B for
the neutral decay mode plotted as a function of the photon beam energy Eγ . The error bars represent the statistical
uncertainties. The filled circles (red) are the current CLAS (2013) data in the neutral mode. For the charged decay
mode, the open circles (black) are the SAPHIR [21] results, the open squares (blue) are the LEPS [22] results, the
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represents the prediction of a model including the Pomeron trajectory, pi and η exchange processes [16].
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APPENDIX A
TABLE A.1: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
0.060 0.100 0.140 0.180 0.220
1.6500 1.9942 0.3367±0.0168±0.0677 0.2808
±0.0133
±0.0385 0.2853
±0.0135
±0.0103 0.2411
±0.0119
±0.0173 0.2059
±0.0108
±0.0104
1.7500 2.0407 0.5033±0.0210±0.0331 0.4052
±0.0154
±0.0385 0.3562
±0.0138
±0.0298 0.3262
±0.0130
±0.0189 0.2929
±0.0115
±0.0218
1.8500 2.0861 0.5815±0.0252±0.0682 0.4991
±0.0196
±0.0443 0.4159
±0.0156
±0.0495 0.4453
±0.0169
±0.0701 0.3571
±0.0145
±0.0240
1.9500 2.1306 0.7171±0.0361±0.1199 0.7058
±0.0292
±0.0266 0.5945
±0.0240
±0.0471 0.4673
±0.0195
±0.0210 0.3744
±0.0162
±0.0442
2.0500 2.1742 0.7187±0.0486±0.1023 0.6419
±0.0311
±0.0344 0.5528
±0.0255
±0.0745 0.4624
±0.0205
±0.0351 0.4505
±0.0204
±0.0307
2.1500 2.2170 0.7754±0.0710±0.0604 0.6640
±0.0415
±0.0261 0.6215
±0.0331
±0.0426 0.5022
±0.0230
±0.0248 0.4302
±0.0212
±0.0231
2.2500 2.2589 0.7271±0.0846±0.1039 0.5615
±0.0367
±0.0389 0.4425
±0.0248
±0.0408 0.4399
±0.0269
±0.0380 0.4093
±0.0238
±0.0456
2.3500 2.3001 0.5836±0.0871±0.0834 0.4521
±0.0379
±0.0204 0.3822
±0.0275
±0.0366 0.4159
±0.0293
±0.0300 0.3583
±0.0273
±0.0192
2.4500 2.3405 - - - 0.6228±0.0467±0.0316 0.5617
±0.0400
±0.0682
2.5500 2.3803 - - - 0.6534±0.0536±0.0519 0.6069
±0.0504
±0.1900
2.6500 2.4193 - - - 0.7104±0.0722±0.0443 0.6868
±0.0659
±0.0301
2.7500 2.4578 - - - 0.6062±0.0753±0.0371 0.6965
±0.0733
±0.0332
TABLE A.2: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
0.260 0.300 0.340 0.380 0.420
1.6500 1.9942 0.1939±0.0107±0.0251 0.1536
±0.0092
±0.0081 0.1456
±0.0092
±0.0076 0.1441
±0.0101
±0.0214 0.1393
±0.0110
±0.0214
1.7500 2.0407 0.2734±0.0111±0.0256 0.2335
±0.0102
±0.0099 0.2345
±0.0113
±0.0166 0.2133
±0.0100
±0.0248 0.2082
±0.0103
±0.0124
1.8500 2.0861 0.2992±0.0128±0.0438 0.2842
±0.0122
±0.0130 0.2484
±0.0114
±0.0186 0.2034
±0.0096
±0.0236 0.1707
±0.0087
±0.0306
1.9500 2.1306 0.3481±0.0159±0.0344 0.3052
±0.0140
±0.0103 0.2398
±0.0116
±0.0184 0.2287
±0.0119
±0.0111 0.2333
±0.0127
±0.0266
2.0500 2.1742 0.3503±0.0177±0.0428 0.3038
±0.0155
±0.0244 0.2696
±0.0146
±0.0216 0.2538
±0.0142
±0.0273 0.2266
±0.0136
±0.0154
2.1500 2.2170 0.3629±0.0171±0.0175 0.3142
±0.0150
±0.0153 0.3271
±0.0151
±0.0123 0.2915
±0.0153
±0.0134 0.2232
±0.0133
±0.0169
2.2500 2.2589 0.3980±0.0236±0.0401 0.3324
±0.0200
±0.0431 0.2801
±0.0175
±0.0170 0.2108
±0.0130
±0.0119 0.1821
±0.0115
±0.0107
2.3500 2.3001 0.2993±0.0213±0.0340 0.2929
±0.0241
±0.0295 0.2948
±0.0189
±0.0174 0.2476
±0.0167
±0.0258 0.2237
±0.0157
±0.0390
2.4500 2.3405 0.4452±0.0287±0.0388 0.4214
±0.0275
±0.0676 0.4306
±0.0275
±0.0245 0.3818
±0.0240
±0.0336 0.3026
±0.0210
±0.0303
2.5500 2.3803 0.4814±0.0346±0.1279 0.3609
±0.0277
±0.0228 0.3652
±0.0257
±0.0290 0.2821
±0.0214
±0.0425 0.2793
±0.0206
±0.0496
2.6500 2.4193 0.5295±0.0494±0.0261 0.3505
±0.0338
±0.0150 0.3220
±0.0306
±0.0140 0.3544
±0.0339
±0.0160 0.2980
±0.0284
±0.0154
2.7500 2.4578 0.7359±0.0829±0.0339 0.3617
±0.0384
±0.0150 0.4093
±0.0410
±0.0200 0.3380
±0.0357
±0.0138 0.2924
±0.0313
±0.0180
2.8500 2.4957 0.4934±0.0515±0.0245 0.3104
±0.0379
±0.0148 0.3718
±0.0448
±0.0209 0.3566
±0.0392
±0.0198 0.2832
±0.0304
±0.0148
2.9500 2.5330 0.6718±0.1047±0.0309 0.3422
±0.0519
±0.0180 0.3600
±0.0466
±0.0175 0.3196
±0.0411
±0.0181 0.2948
±0.0404
±0.0146
3.0500 2.5698 0.7510±0.1210±0.0503 0.3769
±0.0651
±0.0246 0.4937
±0.0637
±0.0419 0.4405
±0.0638
±0.0294 0.3378
±0.0488
±0.0336
3.1500 2.6061 0.9479±0.1849±0.0765 0.6846
±0.1098
±0.0448 0.4364
±0.0741
±0.0288 0.2288
±0.0477
±0.0159 0.3663
±0.0661
±0.0347
3.2500 2.6418 0.8494±0.1894±0.0923 0.6616
±0.1241
±0.0579 0.4677
±0.0921
±0.0461 0.3325
±0.0787
±0.0329 0.3453
±0.0741
±0.0323
3.3500 2.6771 0.7554±0.3435±0.0679 0.6573
±0.1652
±0.0574 0.2406
±0.1249
±0.0241 0.2626
±0.0560
±0.0289 0.2138
±0.0564
±0.0268
3.4500 2.7119 0.7195±0.2952±0.0885 0.9465
±0.2898
±0.0981 0.5407
±0.1511
±0.0586 0.3433
±0.0745
±0.0332 0.2168
±0.0950
±0.0227
3.5500 2.7463 0.4325±0.1299±0.0884 0.7958
±0.1843
±0.1106 0.4842
±0.1374
±0.0596 0.2155
±0.1013
±0.0358 0.2609
±0.0792
±0.0314
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TABLE A.3: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
0.460 0.500 0.540 0.580 0.620
1.6500 1.9942 0.1025±0.0093±0.0093 0.1043
±0.0105
±0.0142 0.1058
±0.0129
±0.0137 0.0624
±0.0094
±0.0067 0.0521
±0.0108
±0.0157
1.7500 2.0407 0.1921±0.0101±0.0188 0.1556
±0.0092
±0.0093 0.1519
±0.0096
±0.0137 0.1490
±0.0097
±0.0200 0.1535
±0.0156
±0.0131
1.8500 2.0861 0.1575±0.0084±0.0179 0.1516
±0.0082
±0.0087 0.1552
±0.0090
±0.0122 0.1350
±0.0082
±0.0224 0.1201
±0.0074
±0.0142
1.9500 2.1306 0.1765±0.0100±0.0214 0.1453
±0.0085
±0.0074 0.1341
±0.0086
±0.0315 0.1088
±0.0073
±0.0134 0.1081
±0.0071
±0.0115
2.0500 2.1742 0.1849±0.0114±0.0391 0.1535
±0.0109
±0.0088 0.1453
±0.0107
±0.0308 0.1302
±0.0107
±0.0110 0.1100
±0.0094
±0.0118
2.1500 2.2170 0.0754±0.0214±0.0088 0.0771
±0.0272
±0.0090 0.0801
±0.0285
±0.0139 0.0647
±0.0293
±0.0112 0.0557
±0.0249
±0.0180
2.2500 2.2589 0.1956±0.0138±0.0115 0.1759
±0.0117
±0.0125 0.1774
±0.0145
±0.0131 0.1411
±0.0115
±0.0084 0.1334
±0.0109
±0.0100
2.3500 2.3001 0.1874±0.0135±0.0324 0.1606
±0.0126
±0.0149 0.1580
±0.0118
±0.0298 0.1476
±0.0146
±0.0369 0.1252
±0.0101
±0.0086
2.4500 2.3405 0.2775±0.0202±0.0193 0.2731
±0.0195
±0.0189 0.2614
±0.0190
±0.0186 0.2566
±0.0185
±0.0208 0.2175
±0.0158
±0.0210
2.6500 2.4193 0.3050±0.0296±0.0156 0.3103
±0.0309
±0.0156 0.2301
±0.0239
±0.0114 0.1636
±0.0172
±0.0090 0.1578
±0.0171
±0.0115
2.7500 2.4578 0.3154±0.0326±0.0162 0.2764
±0.0300
±0.0142 0.2483
±0.0282
±0.0127 0.2049
±0.0251
±0.0124 0.1663
±0.0200
±0.0119
2.8500 2.4957 0.2298±0.0276±0.0118 0.1860
±0.0244
±0.0096 0.2021
±0.0263
±0.0103 0.1920
±0.0245
±0.0103 0.1431
±0.0201
±0.0108
2.9500 2.5330 0.2963±0.0381±0.0216 0.2257
±0.0298
±0.0124 0.2635
±0.0359
±0.0137 0.2299
±0.0317
±0.0112 0.1699
±0.0256
±0.0131
3.0500 2.5698 0.2671±0.0454±0.0261 0.2547
±0.0375
±0.0244 0.1736
±0.0295
±0.0189 0.1783
±0.0321
±0.0174 0.1900
±0.0308
±0.0172
3.1500 2.6061 0.4051±0.0811±0.0441 0.2319
±0.0463
±0.0238 0.2694
±0.0499
±0.0268 0.1827
±0.0392
±0.0189 0.1828
±0.0392
±0.0178
3.2500 2.6418 0.3297±0.0666±0.0269 0.2731
±0.0508
±0.0218 0.3078
±0.0617
±0.0289 0.2466
±0.0506
±0.0203 0.1969
±0.0479
±0.0174
3.3500 2.6771 0.2348±0.0573±0.0210 0.3011
±0.0788
±0.0257 0.2931
±0.0590
±0.0301 0.1544
±0.0370
±0.0120 0.2338
±0.0544
±0.0281
3.4500 2.7119 0.2516±0.0827±0.0260 0.3290
±0.2141
±0.0511 0.2416
±0.0732
±0.0270 0.2867
±0.0804
±0.0304 0.1950
±0.0496
±0.0261
3.5500 2.7463 0.2255±0.1258±0.0458 0.1608
±0.0558
±0.0186 0.2188
±0.0741
±0.0222 0.3006
±0.0880
±0.0358 0.1310
±0.0516
±0.0186
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TABLE A.4: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
0.660 0.700 0.740 0.780 0.820
1.6500 1.9942 0.0347±0.0119±0.0067 - - - -
1.7500 2.0407 0.1480±0.0107±0.0285 0.1423
±0.0114
±0.0213 0.1288
±0.0109
±0.0644 0.1195
±0.0121
±0.0438 0.1290
±0.0189
±0.0465
1.8500 2.0861 0.1251±0.0083±0.0124 0.1492
±0.0100
±0.0177 0.1371
±0.0085
±0.0092 0.1552
±0.0117
±0.0500 0.1782
±0.0142
±0.0232
1.9500 2.1306 0.1114±0.0078±0.0209 0.1108
±0.0091
±0.0114 0.0958
±0.0072
±0.0263 0.0988
±0.0080
±0.0176 0.1141
±0.0094
±0.0083
2.0500 2.1742 0.0844±0.0075±0.0064 0.0757
±0.0075
±0.0130 0.0807
±0.0071
±0.0078 0.0687
±0.0067
±0.0226 0.0780
±0.0083
±0.0126
2.1500 2.2170 0.1362±0.0114±0.0097 0.1118
±0.0100
±0.0111 0.0924
±0.0076
±0.0289 0.1010
±0.0102
±0.0128 0.0853
±0.0081
±0.0074
2.2500 2.2589 0.1288±0.0118±0.0091 0.1255
±0.0118
±0.0084 0.1102
±0.0091
±0.0091 0.0913
±0.0100
±0.0133 0.0864
±0.0088
±0.0253
2.3500 2.3001 0.1301±0.0146±0.0099 0.1307
±0.0116
±0.0214 0.1129
±0.0133
±0.0264 0.0826
±0.0083
±0.0081 0.0791
±0.0100
±0.0096
2.4500 2.3405 0.2154±0.0153±0.0191 0.1804
±0.0139
±0.0144 0.1833
±0.0142
±0.0170 0.1487
±0.0126
±0.0146 0.1444
±0.0127
±0.0221
2.5500 2.3803 0.1337±0.0112±0.0161 0.1137
±0.0097
±0.0134 0.1098
±0.0096
±0.0130 0.0964
±0.0090
±0.0227 0.0921
±0.0089
±0.0123
2.6500 2.4193 0.1501±0.0179±0.0104 0.1064
±0.0140
±0.0088 0.1117
±0.0132
±0.0081 0.1043
±0.0134
±0.0089 0.1275
±0.0160
±0.0106
2.7500 2.4578 0.1464±0.0183±0.0103 0.1325
±0.0176
±0.0097 0.1176
±0.0163
±0.0095 0.1100
±0.0170
±0.0077 0.0804
±0.0136
±0.0083
2.8500 2.4957 0.1594±0.0215±0.0113 0.1415
±0.0216
±0.0106 0.1195
±0.0194
±0.0086 0.0980
±0.0162
±0.0074 0.0795
±0.0151
±0.0086
2.9500 2.5330 0.1597±0.0253±0.0113 0.1309
±0.0228
±0.0099 0.1271
±0.0228
±0.0095 0.1057
±0.0201
±0.0078 0.0932
±0.0184
±0.0098
3.0500 2.5698 0.1544±0.0268±0.0168 0.1012
±0.0209
±0.0092 0.1441
±0.0259
±0.0125 0.1278
±0.0284
±0.0113 0.1289
±0.0258
±0.0216
3.1500 2.6061 0.1687±0.0394±0.0156 0.1299
±0.0316
±0.0121 0.1519
±0.0330
±0.0133 0.1769
±0.0374
±0.0157 0.1095
±0.0278
±0.0178
3.2500 2.6418 0.1808±0.0454±0.0171 0.2395
±0.0493
±0.0224 0.1369
±0.0310
±0.0128 0.1210
±0.0293
±0.0106 0.1115
±0.0280
±0.0164
3.3500 2.6771 0.2080±0.0544±0.0202 0.1995
±0.0517
±0.0194 0.1535
±0.0430
±0.0134 0.1289
±0.0320
±0.0145 0.1217
±0.0328
±0.0181
3.4500 2.7119 0.1865±0.0597±0.0264 0.2104
±0.0600
±0.0281 0.1438
±0.0474
±0.0193 0.1405
±0.0415
±0.0206 0.1433
±0.0436
±0.0323
3.5500 2.7463 0.1309±0.0468±0.0194 0.2009
±0.0670
±0.0489 0.1237
±0.0397
±0.0164 0.0870
±0.0350
±0.0119 0.1018
±0.0368
±0.0245
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TABLE A.5: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
0.860 0.900 0.940 0.980 1.020
1.7500 2.0407 0.0649±0.0067±0.0152 0.0187
±0.0027
±0.0053 - - -
1.8500 2.0861 0.1699±0.0258±0.0531 0.1681
±0.0285
±0.0307 0.1855
±0.0391
±0.0118 0.1666
±0.0585
±0.0117 0.1670
±0.0617
±0.0118
1.9500 2.1306 0.1294±0.0124±0.0099 0.1405
±0.0133
±0.0224 0.1427
±0.0137
±0.0091 0.1591
±0.0168
±0.0112 0.1567
±0.0177
±0.0123
2.0500 2.1742 0.0691±0.0065±0.0195 0.0738
±0.0071
±0.0107 0.0800
±0.0078
±0.0208 0.0837
±0.0083
±0.0095 0.0769
±0.0080
±0.0087
2.1500 2.2170 0.0795±0.0078±0.0068 0.0808
±0.0086
±0.0126 0.0705
±0.0075
±0.0092 0.0641
±0.0073
±0.0072 0.0620
±0.0074
±0.0071
2.2500 2.2589 0.0775±0.0081±0.0174 0.0740
±0.0083
±0.0203 0.0726
±0.0089
±0.0069 0.0718
±0.0089
±0.0210 0.0664
±0.0099
±0.0095
2.3500 2.3001 0.0786±0.0092±0.0280 0.0841
±0.0096
±0.0130 0.0698
±0.0093
±0.0325 0.0690
±0.0096
±0.0153 0.0680
±0.0096
±0.0097
2.4500 2.3405 0.1335±0.0118±0.0127 0.1178
±0.0109
±0.0289 0.1134
±0.0112
±0.0351 0.0888
±0.0109
±0.0311 0.0678
±0.0095
±0.0108
2.5500 2.3803 0.0799±0.0082±0.0131 0.0790
±0.0083
±0.0095 0.0747
±0.0083
±0.0145 0.0698
±0.0092
±0.0174 0.0658
±0.0094
±0.0105
2.6500 2.4193 0.0940±0.0129±0.0076 0.0701
±0.0112
±0.0053 0.0798
±0.0125
±0.0060 0.0692
±0.0115
±0.0053 0.0563
±0.0103
±0.0067
2.7500 2.4578 0.1119±0.0183±0.0086 0.0832
±0.0145
±0.0067 0.0938
±0.0165
±0.0071 0.0690
±0.0133
±0.0064 0.0770
±0.0147
±0.0091
2.8500 2.4957 0.0815±0.0158±0.0086 0.0661
±0.0140
±0.0073 0.0644
±0.0138
±0.0075 0.0733
±0.0158
±0.0087 0.0464
±0.0112
±0.0058
2.9500 2.5330 0.0777±0.0168±0.0083 0.0864
±0.0194
±0.0092 0.0635
±0.0160
±0.0069 0.0618
±0.0145
±0.0072 0.0458
±0.0129
±0.0059
3.0500 2.5698 0.0527±0.0138±0.0086 0.0705
±0.0187
±0.0117 0.0398
±0.0121
±0.0066 0.0481
±0.0136
±0.0082 0.0687
±0.0197
±0.0134
3.1500 2.6061 0.1142±0.0318±0.0187 0.0564
±0.0188
±0.0105 0.0836
±0.0233
±0.0137 0.0509
±0.0174
±0.0083 0.0499
±0.0172
±0.0092
3.2500 2.6418 0.0760±0.0202±0.0112 0.0747
±0.0241
±0.0118 0.0848
±0.0236
±0.0125 0.0650
±0.0205
±0.0096 0.0437
±0.0169
±0.0100
3.3500 2.6771 0.0799±0.0248±0.0118 0.0807
±0.0260
±0.0143 0.0924
±0.0287
±0.0136 0.0819
±0.0281
±0.0125 0.0598
±0.0237
±0.0137
3.4500 2.7119 0.0831±0.0301±0.0184 0.1055
±0.0371
±0.0235 0.0951
±0.0393
±0.0211 0.0852
±0.0322
±0.0194 0.0674
±0.0298
±0.0287
3.5500 2.7463 0.1057±0.0391±0.0233 0.0847
±0.0357
±0.0187 0.0577
±0.0294
±0.0127 0.0453
±0.0224
±0.0100 0.0575
±0.0263
±0.0258
TABLE A.6: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
1.060 1.100 1.140 1.180 1.220
1.8500 2.0861 0.1411±0.0481±0.0113 0.0672
±0.0264
±0.0054 - - -
1.9500 2.1306 0.1671±0.0260±0.0134 0.1558
±0.0252
±0.0138 0.1311
±0.0295
±0.0148 0.1175
±0.0407
±0.0135 0.1222
±0.0400
±0.0231
2.0500 2.1742 0.0818±0.0092±0.0110 0.0859
±0.0099
±0.0118 0.0902
±0.0108
±0.0111 0.0933
±0.0115
±0.0116 0.1138
±0.0153
±0.0156
2.1500 2.2170 0.0655±0.0080±0.0088 0.0605
±0.0076
±0.0082 0.0606
±0.0077
±0.0075 0.0589
±0.0078
±0.0073 0.0546
±0.0077
±0.0075
2.2500 2.2589 0.0707±0.0097±0.0144 0.0627
±0.0089
±0.0130 0.0564
±0.0082
±0.0113 0.0541
±0.0076
±0.0108 0.0546
±0.0079
±0.0099
2.3500 2.3001 0.0587±0.0088±0.0120 0.0522
±0.0087
±0.0107 0.0479
±0.0070
±0.0096 0.0415
±0.0070
±0.0083 0.0414
±0.0073
±0.0075
2.4500 2.3405 0.0611±0.0086±0.0106 0.0624
±0.0088
±0.0108 0.0598
±0.0079
±0.0105 0.0639
±0.0082
±0.0126 0.0567
±0.0080
±0.0118
2.5500 2.3803 0.0554±0.0083±0.0101 0.0521
±0.0084
±0.0096 0.0505
±0.0079
±0.0099 0.0479
±0.0075
±0.0093 0.0410
±0.0067
±0.0085
2.6500 2.4193 0.0675±0.0128±0.0080 0.0568
±0.0117
±0.0067 0.0515
±0.0106
±0.0061 0.0597
±0.0132
±0.0070 0.0499
±0.0125
±0.0075
2.7500 2.4578 0.0594±0.0123±0.0073 0.0542
±0.0124
±0.0064 0.0528
±0.0121
±0.0063 0.0423
±0.0120
±0.0051 0.0300
±0.0086
±0.0045
2.8500 2.4957 0.0483±0.0114±0.0069 0.0398
±0.0105
±0.0051 0.0464
±0.0134
±0.0058 0.0442
±0.0142
±0.0055 0.0587
±0.0176
±0.0093
2.9500 2.5330 0.0570±0.0158±0.0072 0.0532
±0.0150
±0.0068 0.0448
±0.0155
±0.0056 0.0463
±0.0145
±0.0059 0.0417
±0.0165
±0.0065
3.0500 2.5698 0.0809±0.0244±0.0144 0.0495
±0.0150
±0.0089 0.0642
±0.0207
±0.0119 0.0500
±0.0190
±0.0089 0.0741
±0.0280
±0.0239
3.1500 2.6061 0.0585±0.0209±0.0106 0.0608
±0.0217
±0.0116 0.0644
±0.0243
±0.0116 0.0603
±0.0254
±0.0109 0.0600
±0.0277
±0.0202
3.2500 2.6418 0.0623±0.0232±0.0143 0.0560
±0.0218
±0.0130 0.0430
±0.0172
±0.0099 0.0518
±0.0235
±0.0120 0.0506
±0.0237
±0.0274
3.3500 2.6771 0.0457±0.0208±0.0105 0.0635
±0.0244
±0.0148 0.0462
±0.0224
±0.0106 0.0285
±0.0138
±0.0066 0.0609
±0.0333
±0.0332
3.4500 2.7119 0.0856±0.0325±0.0366 0.0538
±0.0215
±0.0228 0.0362
±0.0179
±0.0156 0.0522
±0.0263
±0.0223 0.0325
±0.0190
±0.0220
3.5500 2.7463 0.0439±0.0248±0.0188 0.0473
±0.0246
±0.0202 0.0266
±0.0174
±0.0113 0.0564
±0.0252
±0.0239 0.0453
±0.0326
±0.0307
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TABLE A.7: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
1.260 1.300 1.340 1.380 1.420
1.9500 2.1306 0.1042±0.0378±0.0199 0.0473
±0.0181
±0.0109 0.0241
±0.0049
±0.0056 0.0279
±0.0061
±0.0206 0.0074
±0.0026
±0.0054
2.0500 2.1742 0.0959±0.0191±0.0131 0.1046
±0.0242
±0.0140 0.0890
±0.0280
±0.0120 0.1034
±0.0351
±0.0150 0.0860
±0.0310
±0.0125
2.1500 2.2170 0.0642±0.0092±0.0088 0.0669
±0.0104
±0.0090 0.0680
±0.0105
±0.0091 0.0787
±0.0133
±0.0114 n0.0855
±0.0182
±0.0125
2.2500 2.2589 0.0519±0.0078±0.0094 0.0596
±0.0085
±0.0086 0.0497
±0.0077
±0.0073 0.0526
±0.0084
±0.0088 0.0663
±0.0114
±0.0111
2.3500 2.3001 0.0508±0.0087±0.0093 0.0458
±0.0081
±0.0066 0.0413
±0.0075
±0.0062 0.0407
±0.0076
±0.0068 0.0399
±0.0077
±0.0067
2.4500 2.3405 0.0535±0.0074±0.0112 0.0511
±0.0078
±0.0134 0.0443
±0.0069
±0.0117 0.0464
±0.0071
±0.0204 0.0431
±0.0071
±0.0190
2.5500 2.3803 0.0419±0.0072±0.0088 0.0397
±0.0068
±0.0104 0.0257
±0.0049
±0.0067 0.0234
±0.0044
±0.0103 0.0190
±0.0040
±0.0083
2.6500 2.4193 0.0355±0.0093±0.0053 0.0357
±0.0099
±0.0056 0.0308
±0.0099
±0.0046 0.0318
±0.0104
±0.0048 0.0225
±0.0081
±0.0083
2.7500 2.4578 0.0365±0.0114±0.0055 0.0432
±0.0144
±0.0065 0.0337
±0.0126
±0.0050 0.0386
±0.0142
±0.0061 0.0522
±0.0196
±0.0194
2.8500 2.4957 0.0527±0.0175±0.0084 0.0576
±0.0196
±0.0090 0.0351
±0.0150
±0.0055 0.0452
±0.0182
±0.0071 0.0530
±0.0243
±0.0097
2.9500 2.5330 0.0449±0.0163±0.0075 0.0461
±0.0195
±0.0072 0.0283
±0.0110
±0.0044 0.0529
±0.0265
±0.0084 0.0453
±0.0225
±0.0083
3.0500 2.5698 0.0614±0.0232±0.0197 0.0704
±0.0289
±0.0227 0.0626
±0.0296
±0.0201 0.0417
±0.0192
±0.0134 0.0362
±0.0178
±0.0128
3.1500 2.6061 0.0482±0.0225±0.0155 0.0667
±0.0336
±0.0214 0.0594
±0.0280
±0.0192 0.0431
±0.0231
±0.0139 0.0606
±0.0292
±0.0215
3.2500 2.6418 0.0324±0.0150±0.0177 0.0345
±0.0181
±0.0188 0.0388
±0.0213
±0.0212 0.0305
±0.0175
±0.0165 0.0314
±0.0170
±0.0190
3.3500 2.6771 0.0491±0.0255±0.0272 0.0499
±0.0295
±0.0272 0.0565
±0.0301
±0.0306 0.0344
±0.0212
±0.0187 0.0251
±0.0180
±0.0153
3.4500 2.7119 0.0194±0.0110±0.0133 0.0264
±0.0165
±0.0179 0.0389
±0.0212
±0.0265 0.0111
±0.0087
±0.0075 0.0304
±0.0239
±0.0196
3.5500 2.7463 0.0254±0.0177±0.0172 0.0136
±0.0123
±0.0092 0.0300
±0.0247
±0.0203 0.0152
±0.0167
±0.0103 0.0320
±0.0299
±0.0224
TABLE A.8: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
1.460 1.500 1.540 1.580 1.620
2.0500 2.1742 0.0519±0.0204±0.0060 0.0232
±0.0110
±0.0027 0.0157
±0.0085
±0.0027 - -
2.1500 2.2170 0.0754±0.0214±0.0088 0.0771
±0.0272
±0.0090 0.0801
±0.0285
±0.0139 0.0647
±0.0293
±0.0112 0.0557
±0.0249
±0.0180
2.2500 2.2589 0.0641±0.0111±0.0129 0.0545
±0.0101
±0.0110 0.0684
±0.0143
±0.0149 0.0979
±0.0211
±0.0206 0.0796
±0.0227
±0.0174
2.3500 2.3001 0.0349±0.0069±0.0070 0.0360
±0.0075
±0.0073 0.0359
±0.0076
±0.0078 0.0375
±0.0103
±0.0083 0.0312
±0.0100
±0.0068
2.4500 2.3405 0.0412±0.0072±0.0156 0.0418
±0.0067
±0.0158 0.0412
±0.0068
±0.0131 0.0440
±0.0066
±0.0139 0.0351
±0.0061
±0.0144
2.5500 2.3803 0.0269±0.0054±0.0102 0.0308
±0.0062
±0.0117 0.0329
±0.0065
±0.0105 0.0461
±0.0090
±0.0147 0.0381
±0.0078
±0.0157
2.6500 2.4193 0.0345±0.0130±0.0128 0.0444
±0.0177
±0.0165 0.0350
±0.0155
±0.0130 0.0313
±0.0149
±0.0116 0.0361
±0.0171
±0.0116
2.7500 2.4578 0.0311±0.0137±0.0115 0.0326
±0.0143
±0.0122 0.0335
±0.0169
±0.0129 0.0269
±0.0130
±0.0102 0.0242
±0.0147
±0.0078
2.8500 2.4957 0.0501±0.0235±0.0092 0.0500
±0.0257
±0.0091 0.0381
±0.0220
±0.0070 0.0449
±0.0296
±0.0082 -
2.9500 2.5330 0.0402±0.0222±0.0073 0.0413
±0.0236
±0.0076 0.0309
±0.0193
±0.0056 0.0464
±0.0344
±0.0089 -
3.0500 2.5698 0.0352±0.0183±0.0124 0.0297
±0.0205
±0.0105 0.0450
±0.0319
±0.0159 0.0431
±0.0354
±0.0152 -
3.1500 2.6061 0.0706±0.0392±0.0250 0.0269
±0.0201
±0.0095 0.0505
±0.0390
±0.0179 0.0321
±0.0252
±0.0113 -
3.2500 2.6418 0.0357±0.0226±0.0217 0.0270
±0.0198
±0.0164 0.0342
±0.0235
±0.0207 0.0092
±0.0082
±0.0055 -
3.3500 2.6771 0.0307±0.0231±0.0186 0.0319
±0.0251
±0.0193 0.0287
±0.0218
±0.0173 0.0241
±0.0195
±0.0146 -
3.4500 2.7119 0.0416±0.0339±0.0291 0.0403
±0.0348
±0.0323 0.0313
±0.0311
±0.0219 0.0326
±0.0293
±0.0260 -
3.5500 2.7463 0.0106±0.0108±0.0085 0.0178
±0.0175
±0.0142 0.0175
±0.0184
±0.0140 0.0325
±0.0324
±0.0234 -
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TABLE A.9: dσ/dt (µb/GeV 2) vs. |t − tmin| (GeV
2) for different photon beam energies. Superscripts are statistical
errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) |t− tmin| (GeV 2)
1.660 1.700 1.740 1.780 1.820
2.1500 2.2170 0.0382±0.0163±0.0124 0.0259
±0.0140
±0.0158 0.0257
±0.0053
±0.0159 0.0196
±0.0047
±0.0121 -
2.2500 2.2589 0.0923±0.0323±0.0202 0.0850
±0.0356
±0.0216 0.0835
±0.0449
±0.0213 0.0705
±0.0400
±0.0130 -
2.3500 2.3001 0.0433±0.0108±0.0096 0.0562
±0.0145
±0.0143 0.0677
±0.0192
±0.0172 0.0704
±0.0198
±0.0130 -
2.4500 2.3405 0.0401±0.0074±0.0165 0.0361
±0.0069
±0.0205 - - -
2.5500 2.3803 0.0347±0.0076±0.0143 0.0303
±0.0069
±0.0178 - - -
2.6500 2.4193 0.0306±0.0180±0.0098 0.0260
±0.0179
±0.0083 - - -
2.7500 2.4578 0.0212±0.0133±0.0068 0.0219
±0.0174
±0.0070 - - -
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APPENDIX B
TABLE B.1: dσ/dt (µb/GeV 2) vs. Eγ (GeV ) for different photon beam energies. Superscripts are statistical errors and
subscripts are systematic errors.
cos θcm Eγ (GeV )
1.650 1.750 1.850 1.950 2.050
−0.4000 - 0.2215±0.0111±0.0240 0.1334±0.0095±0.0242 0.1212±0.0091±0.0241 0.0642±0.0053±0.0145
−0.3000 - 0.1687±0.0073±0.0174 0.1368±0.0074±0.0217 0.1136±0.0075±0.0230 0.0546±0.0056±0.0123
−0.2000 0.1506±0.0084±0.0242 0.2013±0.0080±0.0178 0.1280±0.0062±0.0175 0.1126±0.0074±0.0174 0.0528±0.0034±0.0114
−0.1000 0.1902±0.0105±0.0251 0.1941±0.0073±0.0178 0.1361±0.0062±0.0119 0.1021±0.0056±0.0191 0.0780±0.0047±0.0155
0.0000 0.2433±0.0122±0.0275 0.1979
±0.0073
±0.0183 0.1330
±0.0058
±0.0131 0.0990
±0.0053
±0.0081 0.0894
±0.0054
±0.0121
0.1000 0.2102±0.0103±0.0325 0.2384
±0.0077
±0.0133 0.1504
±0.0058
±0.0095 0.1112
±0.0051
±0.0072 0.0830
±0.0046
±0.0106
0.2000 0.2396±0.0114±0.0208 0.2511
±0.0079
±0.0146 0.1522
±0.0057
±0.0083 0.1312
±0.0057
±0.0083 0.1105
±0.0053
±0.0143
0.3000 0.2862±0.0126±0.0338 0.2746
±0.0081
±0.0173 0.1805
±0.0062
±0.0148 0.1453
±0.0059
±0.0082 0.1685
±0.0071
±0.0177
0.4000 0.2923±0.0125±0.0251 0.2851
±0.0083
±0.0132 0.2402
±0.0075
±0.0168 0.2185
±0.0080
±0.0100 0.1962
±0.0076
±0.0112
0.5000 0.3202±0.0134±0.0176 0.3126
±0.0087
±0.0140 0.2850
±0.0086
±0.0123 0.2548
±0.0085
±0.0155 0.2576
±0.0090
±0.0108
0.6000 0.3226±0.0129±0.0258 0.3546
±0.0097
±0.0184 0.3613
±0.0104
±0.0257 0.3270
±0.0100
±0.0263 0.3118
±0.0101
±0.0135
0.7000 0.3065±0.0122±0.0245 0.3789
±0.0102
±0.0268 0.4184
±0.0111
±0.0240 0.4554
±0.0130
±0.0144 0.4072
±0.0125
±0.0224
0.8000 0.4063±0.0169±0.0298 0.4961
±0.0134
±0.0244 0.5745
±0.0143
±0.0371 0.5593
±0.0149
±0.0258 0.5167
±0.0277
±0.0192
0.9000 - 0.5173±0.0152±0.0311 0.8667
±0.0231
±0.0337 0.7979
±0.0229
±0.0406 0.7180
±0.0248
±0.0474
TABLE B.2: dσ/dt (µb/GeV 2) vs. Eγ (GeV ) for different photon beam energies. Superscripts are statistical errors and
subscripts are systematic errors.
cos θcm Eγ (GeV )
2.150 2.250 2.350 2.450 2.550
−0.4000 0.0594±0.0061±0.0116 0.0538±0.0072±0.0101 0.0386±0.0069±0.0058 0.0143±0.0021±0.0059 0.0143±0.0024±0.0062
−0.3000 0.0408±0.0039±0.0076 0.0423±0.0045±0.0077 0.0305±0.0042±0.0053 0.0125±0.0017±0.0047 0.0112±0.0016±0.0049
−0.2000 0.0418±0.0035±0.0081 0.0418±0.0042±0.0076 0.0320±0.0041±0.0054 0.0210±0.0027±0.0051 0.0201±0.0026±0.0057
−0.1000 0.0397±0.0033±0.0076 0.0364±0.0035±0.0077 0.0335±0.0039±0.0067 0.0340±0.0033±0.0060 0.0310±0.0036±0.0054
0.0000 0.0719±0.0053±0.0111 0.0539
±0.0048
±0.0108 0.0304
±0.0033
±0.0054 0.0329
±0.0030
±0.0078 0.0242
±0.0028
±0.0057
0.1000 0.0841±0.0056±0.0103 0.0784
±0.0078
±0.0121 0.0477
±0.0045
±0.0081 0.0379
±0.0032
±0.0069 0.0397
±0.0039
±0.0067
0.2000 0.1045±0.0062±0.0123 0.0895
±0.0062
±0.0113 0.0805
±0.0071
±0.0144 0.0501
±0.0041
±0.0081 0.0532
±0.0048
±0.0077
0.3000 0.1259±0.0067±0.0078 0.1141
±0.0062
±0.0111 0.0982
±0.0068
±0.0077 0.0900
±0.0052
±0.0113 0.0745
±0.0063
±0.0102
0.4000 0.1539±0.0073±0.0096 0.1409
±0.0072
±0.0086 0.1177
±0.0067
±0.0096 0.1220
±0.0063
±0.0101 0.1116
±0.0088
±0.0120
0.5000 0.2007±0.0084±0.0128 0.2113
±0.0088
±0.0121 0.1526
±0.0070
±0.0074 0.1694
±0.0075
±0.0105 0.1486
±0.0106
±0.0100
0.6000 0.2713±0.0093±0.0102 0.2044
±0.0080
±0.0099 0.2369
±0.0104
±0.0153 0.2206
±0.0099
±0.0154 0.2083
±0.0150
±0.0150
0.7000 0.3208±0.0110±0.0141 0.3082
±0.0115
±0.0166 0.3011
±0.0112
±0.0134 0.2787
±0.0117
±0.0128 0.2656
±0.0189
±0.0205
0.8000 0.4965±0.0165±0.0215 0.4433
±0.0153
±0.0260 0.4442
±0.0183
±0.0233 0.3782
±0.0150
±0.0160 0.3676
±0.0267
±0.0257
0.9000 0.7900±0.0323±0.0435 0.6411
±0.0261
±0.0266 0.5566
±0.0279
±0.0306 0.4633
±0.0225
±0.0238 0.5053
±0.0494
±0.0244
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TABLE B.3: dσ/dt (µb/GeV 2) vs. Eγ (GeV ) for different photon beam energies. Superscripts are statistical errors and
subscripts are systematic errors.
cos θcm Eγ (GeV )
2.650 2.750 2.850 2.950 3.050
−0.4000 0.0079±0.0057±0.0056 0.0067±0.0013±0.0049 - - -
−0.3000 0.0135±0.0021±0.0097 0.0136±0.0064±0.0093 - - -
−0.2000 0.0153±0.0021±0.0107 0.0128±0.0022±0.0089 - - -
−0.1000 0.0129±0.0018±0.0052 0.0095±0.0018±0.0040 0.0219±0.0027±0.0139 0.0137±0.0023±0.0076 0.0066±0.0034±0.0057
0.0000 0.0184±0.0022±0.0081 0.0116
±0.0017
±0.0048 0.0225
±0.0032
±0.0082 0.0157
±0.0027
±0.0058 0.0074
±0.0017
±0.0055
0.1000 0.0233±0.0027±0.0056 0.0241
±0.0028
±0.0061 0.0312
±0.0036
±0.0082 0.0243
±0.0035
±0.0069 0.0117
±0.0022
±0.0075
0.2000 0.0394±0.0039±0.0053 0.0280
±0.0035
±0.0037 0.0328
±0.0038
±0.0069 0.0254
±0.0034
±0.0064 0.0138
±0.0024
±0.0058
0.3000 0.0494±0.0044±0.0060 0.0382
±0.0043
±0.0046 0.0351
±0.0041
±0.0051 0.0287
±0.0039
±0.0040 0.0474
±0.0061
±0.0086
0.4000 0.0633±0.0054±0.0058 0.0659
±0.0062
±0.0061 0.0468
±0.0050
±0.0058 0.0422
±0.0052
±0.0053 0.0444
±0.0057
±0.0093
0.5000 0.0928±0.0070±0.0079 0.0833
±0.0076
±0.0071 0.0687
±0.0070
±0.0068 0.0660
±0.0077
±0.0063 0.0422
±0.0058
±0.0082
0.6000 0.1327±0.0100±0.0083 0.1222
±0.0102
±0.0077 0.1313
±0.0117
±0.0096 0.1159
±0.0116
±0.0082 0.1083
±0.0120
±0.0127
0.7000 0.2510±0.0195±0.0129 0.2239
±0.0181
±0.0123 0.1846
±0.0160
±0.0095 0.2089
±0.0192
±0.0143 0.1637
±0.0178
±0.0130
0.8000 0.3070±0.0254±0.0140 0.3217
±0.0276
±0.0153 0.3215
±0.0312
±0.0158 0.2974
±0.0331
±0.0148 0.3350
±0.0395
±0.0207
0.9000 0.5552±0.0634±0.0290 0.5942
±0.0795
±0.0322 0.6169
±0.0850
±0.0358 0.6322
±0.1151
±0.0426 0.6110
±0.1237
±0.0538
TABLE B.4: dσ/dt (µb/GeV 2) vs. Eγ (GeV ) for different photon beam energies. Superscripts are statistical errors and
subscripts are systematic errors.
cos θcm Eγ (GeV )
3.150 3.250 3.350 3.450 3.550
−0.1000 0.0054±0.0017±0.0043 0.0039±0.0012±0.0032 0.0041±0.0017±0.0034 0.0042±0.0018±0.0038 0.0022±0.0012±0.0020
0.0000 0.0069±0.0023±0.0048 0.0026
±0.0017
±0.0023 0.0028
±0.0010
±0.0022 0.0024
±0.0011
±0.0023 0.0024
±0.0015
±0.0022
0.1000 0.0094±0.0024±0.0057 0.0061
±0.0015
±0.0038 0.0075
±0.0020
±0.0043 0.0050
±0.0024
±0.0043 0.0041
±0.0035
±0.0036
0.2000 0.0174±0.0038±0.0084 0.0086
±0.0019
±0.0044 0.0072
±0.0019
±0.0035 0.0073
±0.0022
±0.0055 0.0055
±0.0026
±0.0044
0.3000 0.0387±0.0060±0.0080 0.0179
±0.0033
±0.0061 0.0130
±0.0027
±0.0055 0.0252
±0.0046
±0.0105 0.0131
±0.0037
±0.0081
0.4000 0.0414±0.0069±0.0087 0.0301
±0.0048
±0.0073 0.0294
±0.0049
±0.0107 0.0140
±0.0031
±0.0084 0.0124
±0.0034
±0.0064
0.5000 0.0463±0.0074±0.0090 0.0448
±0.0067
±0.0103 0.0441
±0.0076
±0.0111 0.0394
±0.0069
±0.0108 0.0318
±0.0072
±0.0118
0.6000 0.1145±0.0152±0.0152 0.0868
±0.0117
±0.0111 0.0768
±0.0111
±0.0098 0.0823
±0.0133
±0.0115 0.0538
±0.0111
±0.0099
0.7000 0.1708±0.0225±0.0125 0.2053
±0.0266
±0.0160 0.1952
±0.0276
±0.0172 0.1762
±0.0270
±0.0188 0.1219
±0.0219
±0.0132
0.8000 0.3292±0.0444±0.0200 0.3166
±0.0462
±0.0228 0.2496
±0.0429
±0.0187 0.2298
±0.0481
±0.0233 0.1788
±0.0395
±0.0184
0.9000 0.6351±0.1402±0.0577 0.5407
±0.1414
±0.0545 0.5969
±0.2243
±0.0611 0.5216
±0.1725
±0.0945 0.3243
±0.1841
±0.0572
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APPENDIX C
TABLE C.1: dσ/dt(|t| = |t|min) (µb/GeV
2) and B (GeV −2) vs. Eγ (GeV ) photon beam energy. Superscripts are
statistical errors and subscripts are systematic errors.
Eγ (GeV )
√
s (GeV ) dσ/dt(|t| = |t|min) (µb/GeV 2) B (GeV −2)
1.6500 1.9942 0.4015±0.0170±0.0156 3.1636
±0.3334
±0.1249
1.7500 2.0407 0.5605±0.0280±0.0327 3.1036
±0.3358
±0.1742
1.8500 2.0861 0.6796±0.0206±0.0599 2.8647
±0.1548
±0.3436
1.9500 2.1306 0.9525±0.0219±0.0725 3.8019
±0.0964
±0.2544
2.0500 2.1742 0.9088±0.0353±0.1082 3.5221
±0.1557
±0.4297
2.1500 2.2170 0.8779±0.0229±0.0609 3.1348
±0.0866
±0.2139
2.2500 2.2589 0.7138±0.0300±0.0448 2.8456
±0.1232
±0.1924
2.3500 2.3001 0.5735±0.0304±0.0357 2.2987
±0.1429
±0.2173
2.4500 2.3405 0.7866±0.0230±0.0383 2.2048
±0.0659
±0.1144
2.5500 2.3803 0.7069±0.0559±0.0545 2.6593
±0.1549
±0.1585
2.6500 2.4193 0.9782±0.1859±0.0608 3.0617
±0.3422
±0.1524
2.7500 2.4578 0.0389±0.1518±0.0582 3.1467
±0.2874
±0.1416
2.8500 2.4957 1.1070±0.1065±0.0540 3.4009
±0.2001
±0.1412
2.9500 2.5330 1.1376±0.1309±0.0814 3.2025
±0.2366
±0.1498
3.0500 2.5698 1.5404±0.2722±0.1235 3.8577
±0.3594
±0.1835
3.1500 2.6061 1.1367±0.1662±0.1220 3.1332
±0.2685
±0.1820
3.2500 2.6418 1.3291±0.2542±0.1479 3.1422
±0.3412
±0.1903
3.3500 2.6771 1.5029±0.5328±0.2504 3.2923
±0.5067
±0.4077
3.4500 2.7119 1.7548±0.5939±0.2266 3.3680
±0.4705
±0.3440
3.5500 2.7463 0.8867±0.2394±0.2558 2.8285
±0.3924
±0.4753
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